Objectives: To compare the radiographic bone changes, clinical parameters and aesthetic outcomes of immediately provisionalised and conventionally restored implants at 12-and 24-months post-implant placement.
1 week after implant placement; early loading, when the prosthesis is connected between 1 week and 2 months after implant placement; and conventional loading, when more than 2 months are waited before connecting the prosthesis to the implant (Esposito, Grusovin, Maghaireh & Worthington, 2013; Esposito, Grusovin, Willings, Coulthard & Worthington, 2007) .
In principle, immediate loading of non-splinted single implants in the maxilla could potentially be associated with an increased rate of failure, as single-tooth implant-retained crowns may be exposed to higher unfavourable occlusal forces in comparison with several implants that are connected to each other with rigid connections (Andersen, Haanaes & Knutsen, 2002) . Only a few studies have compared immediate versus conventionally loaded single implants in randomised controlled trials, some of which considered an occlusal contact point during the immediate loading (Crespi, Cappare, Gherlone & Romanos, 2008; Prosper, Crespi, Valenti, Cappare & Gherlone, 2010; Schincaglia, Marzola, Giovanni, Chiara & Scotti, 2008) , whilst others did avoid any contact point (De Rouck, Collys, Wyn & Cosyn, 2009; Degidi, Nardi & Piattelli, 2009; Hall, Payne, Purton & Torr, 2006; den Hartog, Raghoebar, Stellingsma, Vissink & Meijer, 2016) . Nevertheless, a recent systematic review did not find a significant difference between the two treatments in terms of implant survival and marginal bone loss (Benic, Mir-Mari & Hammerle, 2014) .
Important aspects to consider as part of implant success include the maintenance of a stable peri-implant marginal bone level, high survival rates, but also stable and natural aesthetic outcomes (Benic et al., 2014) . A successful aesthetic implant reconstruction combines two fundamental components: the reproduction and mimicking of the natural tooth characteristics and the establishment of a soft tissue architecture that will simulate a healthy periodontium (Ioannou et al., 2015) . The achievement of optimal gingival aesthetics around single implants in aesthetically demanding areas is a challenging procedure (Phillips & Kois, 1998) , and maintaining it overtime can be an equally demanding task. Several approaches have been suggested to improve the aesthetics of implant-supported restorations, such as tissue augmentation, including bone and/or connective tissue grafting (Price & Price, 1999; Stambaugh, 1997) , modification of surgical procedures (Schwartz-Arad & Chaushu, 1998; Tinti & Benfenati, 2002) , or the immediate placement of the implant into fresh extraction sockets, alternatively combined with the immediate provision of temporary prosthesis (Touati & Guez, 2002) . A careful optimisation of the abutment/restoration's emergence profile plays also an important role in the definitive appearance of the implant unit (Steigmann, Monje, Chan & Wang, 2014) .
Besides eliminating the need for a provisional removable denture, the immediate loading technique has also demonstrated the potential for preserving the existing osseous and gingival architecture (Kan & Rungcharassaeng, 2000) . To what extent the fabrication of non-occluding provisional temporary crowns (immediate provisionalisation) may alter the survival rates or the stability of peri-implant tissues of the immediate implants remains still poorly understood. However, recent evidence did not find significant differences between immediate occlusal loading and non-functional (nonoccluding) loading (Chrcanovic, Albrektsson & Wennerberg, 2014; Esposito et al., 2007) . It is therefore important to further investigate the risks and possible benefits of immediate provisionalisation before implementing it in clinical practice. In addition, the role of different implant characteristics, including titanium surface properties, in immediately provisionalised and conventionally loaded protocol has not been elucidated.
The objective of this study was to determine the clinical impact of immediate provisionalisation of single-tooth bone level implants with a hydrophilic surface on the preservation of radiographic bone levels at 12 and 24 months of follow-up. The primary outcome of the study was to compare the radiographic proximal bone changes of immediately provisionalised and not immediately provisionalised bone level implants with a hydrophilic surface from baseline to one year post-implant placement.
| MATERIAL AND METHODS
The secondary outcomes included: (i) survival rate of the implants (presented as a cumulative survival rate at first and second year after implant placement), (ii) success rate of the implants according to Buser, Weber, and Lang (1990) , Albrektsson, Zarb, Worthington, and Eriksson (1986) and Ong et al. (2008) criteria at first and second year after implant placement, (iii) peri-implant parameters, i.e., probing pocket depth (PPD), bleeding upon probing (BOP) and gingival recession (REC) recorded at 16 weeks, 6 months, 12 months and 24 months after implant placement, (iv) radiographic proximal bone changes of immediately provisionalised and not immediately provisionalised bone level implants from baseline to 2 years post-treatment and (v) soft tissue changes in terms of Papilla Fill Index (PFI; Jemt, 1997) and Pink Aesthetic Score (PES; Furhauser et al., 2005) at 16 weeks, 6 months, 12 months and 24 months after implant placement.
| Inclusion/exclusion criteria
Patients attending a UK Dental Hospital were eligible for inclusion if they fulfilled the following criteria:
• Age between 18 and 75 years;
• Good medical and psychological health;
• Absence of untreated caries lesions and untreated/uncontrolled periodontal disease. If patients required periodontal treatment (non-surgical and/or surgical), this was arranged outside the study protocol and completed at least 30 days prior to the enrolment;
• Need of a single-tooth replacement in the aesthetic (incisor, canine or premolar) region;
• At least 8 weeks of post-extraction socket healing had occurred in the edentulous site;
• Willingness to sign the informed consent form.
The main exclusion criteria included:
• Pregnancy and lactation;
• Any known disease (not including controlled diabetes mellitus), infections or recent surgical procedures within 30 days of study initiation;
• Chronic treatment (i.e., 2 weeks or more) with any medication known to affect oral status (e.g., phenytoin, dihydropyridine, calcium antagonists and cyclosporine) within 1 month before baseline visit;
• Anticoagulant therapy with warfarin, clopidogrel, ticlopidine or once daily aspirin (more than 81 mg);
• HIV or Hepatitis;
• Physical handicaps that would interfere with the ability to perform adequate oral hygiene;
• Alcoholism or chronic drug abuse;
• Heavy smokers (>10/cigarettes per day);
• Patients suffering from a known psychological disorder or with limited mental capacity or language skills such that study information could not be understood, informed consent could be obtained or simple instructions could be followed;
• Full-mouth bleeding (BOP) and plaque (PI) scores >30% or sites with periodontal pocket depth >5 mm at the completion of the pretreatment phase;
• Lack of adequate primary stability at implant insertion that enables immediate provisionalisation (insertion torque ca 30 Ncm). In case the implant insertion torque was <30 Ncm, the patient was automatically allocated to the not immediately provisionalised group (control group).
| Experimental protocol
The study consisted in 11 visits (Figure 1 ). During enrolment visit (visit 1), a complete medical and dental history, the full-mouth plaque (PI) and bleeding (BOP) scores were recorded, and an alginate impression was taken. Furthermore, a customised bite block was constructed using a disposable paralleling technique film holder (Rinn, Dentsply, Mannheim, Germany) and a fast setting silicon putty, which was used to take standardised periapical radiographs of the implant area.
Up to 60 days after enrolment, implant placement (baseline visit) took place under antibiotic coverage (amoxicillin 500 mg and metronidazole 400 mg three times daily for the first post-operative week.
In case of reported allergy to penicillin, 500 mg of erythromycin were , and patients received a Maryland bridge or a removable temporary prosthesis (if necessary). In both groups, whenever GBR was necessary, care was placed to coronally position the flap to fully cover the regeneration material.
After implant surgery, patients were instructed to rinse twice daily with 0.2% chlorhexidine digluconate during the first 4 weeks and to use modified oral hygiene procedures in the treated area for the first six post-operative weeks. Post-operative visits were scheduled after 2 (suture removal), 4 and 8 weeks, where tooth polishing and oral hygiene instructions were provided. In both groups, the final screwretained porcelain fused to metal prosthesis was delivered 16-weeks post-implant placement.
Several clinical and radiographic parameters were assessed around the neighbouring teeth and implant for the duration of the study. In particular, at 8 weeks, 16 weeks, 6 months, 12 months and 24 months post-implant placement, BOP, PPD, REC and KG were recorded around the neighbouring teeth and implant. Standardised periapical radiographs with identical exposure geometry and processing method
were also taken at these healing times. Each radiograph was then digitally scanned and calibrated with a 20 by 20 mm template and evaluated with X-POSEIT software (Image Interpreter Systems, Denmark).
In particular, the distance between the alveolar bone at the level of the first radiographic bone-to-implant contact and the implant shoulder was measured to the closest 0.1 mm at the mesial (M) and distal (D) aspects of the alveolar ridge at baseline, 8 weeks, 16 weeks (final loading), 6 months, 12 months and 24 months after implant placement.
For the primary outcome, the radiographic measurements of mesial and distal sites were averaged, and bone level changes were computed by subtracting the values obtained at 12-month follow-up from those obtained at implant placement.
The aesthetic outcome of the implant-supported restoration was evaluated through the PFI and PES at the final restoration delivery visit (16 weeks), at 6-, 12-and 24-months post-implant placement.
The PFI scores the mesial and distal papilla as follows: score 0 = absent papilla; 1 = incomplete papilla (one-third of full); 2 = incomplete papilla (two-thirds of full); 3 = complete papilla; and 4 = swollen and inflamed papilla. Conversely, the PES is a cumulative score, where seven variables are evaluated using a 0-1-2 scoring system, with the scores 14 and 0 being the best and the worst outcomes, respectively.
Finally, implant success and survival were evaluated first and second year after implant placement.
All measurements were recorded by a previously trained and calibrated examiner, who was blind to the treatment allocation. The intraexaminer reproducibility of the radiographic outcomes was tested with duplicated measurements performed in 10% of the total observations within a week interval.
| Sample size calculation and statistical analysis
It was assumed that the changes in radiographic bone levels will not be inferior in patients treated with immediate provisionalisation compared to patients without immediate provisionalisation 1 year after implant placement. Based on a power calculation, a total of 18 participants were required to detect, with a probability of 90% and a twosided 5% significance level, a treatment difference in radiographic bone level changes of 1 mm between the two treatment modalities (which was considered as a clinically relevant difference) at 1-year post-implant placement. This was based on the assumption that the standard deviation of the response variable was 0.5 at maximum (Kan, Rungcharassaeng & Lozada, 2003) . Six additional participants (a total of 24) were added to compensate possible dropouts or losses to follow-up. The patient was considered as unit of analysis.
SPSS statistical software package (v.12) was used to perform statistical analyses. Differences in radiographic bone level changes between the two treatment groups were assessed by the two-sample t test at a significance level of α = .05. To control for potential differences in baseline values between the treatment groups, an analysis of covariance (ANCOVA) was also performed. In case such a difference existed, adjusted means were considered for the primary analysis. The estimates of treatment effects were accompanied by 95% confidence intervals.
The secondary outcome variables in this clinical study were compared descriptively (non-confirmatory) between the treatment groups.
Parametric (t test) or nonparametric (Mann-Whitney or Wilcoxon test)
tests were used, according to the data distribution.
In accordance with the intention to treat principle (ITT), where necessary, missing data were imputed using the method of lastobservation-carried-forward (LOCF).
| RESULTS
A total of 24 patients were recruited for this study, which were all included in the 12-months analysis. Twelve patients were randomly allocated to the test group and 12 to the control group. However, two implants within the test group did not reach 30 Ncm torque and they had to be re-assigned to the control group, thus resulting in a final number of 10 test and 14 control implants. The demographics of the participants are shown in Implant placement was uneventful in all participants, and signs of local inflammation were recorded at suture removal only in two patients (both of the control group). Six participants of both test and control groups (60% and 42.9%, respectively) required GBR concomitant to implant placement due to the presence of a dehiscence or fenestration. Implants were placed with a mean insertion torque of 33.5 and 33.2 Ncm in the test and control group, respectively. In both treatment groups, implants were placed only to replace upper/lower incisors, canines or bicuspids (no implants were placed in the molar region). The alveolar ridge dimensions before and after placing the implant were similar in the two groups, as shown in detail in Table 2 .
| Radiographic measurements
The mean radiographic proximal bone levels recorded at the different study visits in the two groups are presented in Figure 4 . While within the control group, the radiographic peri-implant bone level (as mean of mesial and distal site) was significantly different only from baseline to 6-months post-implant placement (t test = −3.14, p = .008), in the test group, a significant change in bone level was observed from baseline to 
| Periodontal parameters
The difference in PPD and REC between baseline and the subsequent observation periods (loading, 6-, 12-and 24 months) on the neighbouring teeth did not significantly differ between the two groups at any of the visits. Similarly, the difference in PPD and REC at the implant site was not statistically significant between the two groups at any of the visits. Within the control group, a statistically significant increase in implant PPD was observed between 16 weeks (loading) and 6 months (from 2.3 to 2.8 mm, t test = −2.47, p = .028), 12 months (from 2.3 to 3.0 mm; t test = −2.60, p = .022) and 24 months (from 2.3 to 3.1 mm; t test = −2.87, p = .014), although this increase was 
| Aesthetic outcomes
The implant aesthetic outcomes were evaluated with two indices.
The results of the PFI of the mesial and distal papilla are presented in The PES did not significantly change within the test group at the different observation periods, while a significant improvement was observed for the control group from loading to 6-, 12-and 24 months (p = .001; 
| Implant survival and success
Implant survival was 100% at 12-and 24-months post-implant placement. Implant success according to Buser et al. (1990) 
| DISCUSSION
To the best of our knowledge, this was the first randomised controlled trial that investigated the role of immediate provisionalisation on the radiographic bone level changes associated with bone level implants with a hydrophilic surface.
Both immediately provisionalised (test) and not provisionalised (control) implants were associated with positive clinical and radiographic outcomes, with 100% survival rate at 2 years of function (Figures 2 and 3) . While no significant difference between the two treatments in terms of radiographic bone level changes was recorded at 12 months, a statistically significant mean difference of −0.44 mm between the two procedures was recorded at 24 months (p = .041; Figure 4 ). As the lower margin of the 95% confidence interval for this difference (−0.85 to −0.02 mm) did not exceed 1 mm, non-inferiority of the two treatment modalities was confirmed.
These results are in line with previous randomised studies that have reported similar marginal bone loss in single-unit immediately loaded implants (either with occlusal contact or not) compared to conventionally loaded implants at up to 2 years of follow-up (Crespi et al., 2008; De Rouck et al., 2009; Donati et al., 2008; Grandi et al., 2015; Guncu, Aslan, Tumer, Guncu & Uysal, 2008; Hall et al., 2006; den Hartog, Raghoebar, Stellingsma, Vissink & Meijer, 2011; Meloni, De Riu, Pisano, De Riu & Tullio, 2012; Schincaglia et al., 2008) . In the limited available studies with longer follow-ups, similar radiographic bone loss in the two treatment groups has also been documented at 3 (Degidi et al., 2009 ) and 5 years (den Hartog et al., 2016; Prosper et al., 2010) . Nevertheless, in our study, within the immediately provisionalised group, a significant difference in terms of radiographic bone F I G U R E 6 Papilla Fill Index (PFI) score of the distal papilla at the different time points. Data are presented as percentages. PFI was calculated in 10 test patients. In the control group, one patient was lost to follow-up at 18-months, therefore the 24-months score was evaluated only in 13 patients. *Indicates significant difference in comparison with 16-weeks post-treatment (p < .05)
T A B L E 3 Pink Aesthetic Score at the different time points
Test group Control group Total
16 weeks 11.4 (1.1) 9.8 (1.4) 10.4 (1.5) 6 months 11.8 (1.1) 10.9 (1.4)* 11.3 (1.3) 12 months 11.4 (1.2) 11.6 (1.0)* 11.6 (1.1) 24 months 11.6 (1.3) 11.6 (0.7)* 11.6 (1.0)
Data are presented as mean (SD). PES was calculated in nine test patients, as one patient was excluded due to the possibility of evaluating only six of the seven PES variables. In the control group, one patient was lost at 18-months follow-up, therefore the 24-months score was evaluated only in 13 patients. *Indicates significant difference in comparison with 16-weeks post-treatment (p < .05).
level was found between baseline and 8 weeks, 16 weeks, 6 months, 12 months and 24 months, with three patients that did not fulfil the success criteria according to Ong et al. (2008) , owing to the presence of >1.5 mm bone loss or positive BOP. This finding suggests a trend for less peri-implant bone stability at 2 years of follow-up that could be related to the early unfavourable biting forces that might impact on the test group in comparison with the control. It is also possible to speculate that the soft and hard tissue manipulation in the cervical area that occurred in the control group within the first 48 hr might partially account for the different trends in bone stability between the two groups.
It is worth to highlight that in our study, the test implants underwent "immediate restoration" rather than "immediate loading" (Cochran, Morton & Weber, 2004) . The crowns that were screwed within 48 hr in the test group did not present, in fact, any contact with the opposing dentition in centric and lateral excursion, so to exclude was observed in the two groups, with overall stable peri-implant tissues. However, in their study, both single and splinted implants were grouped together and different implants (implant prototypes and commercially available implants) were used, thus introducing potential confounding variables. In our study, only single implants were considered and a particular titanium surface with hydrophilic properties was applied. It is however plausible to speculate that after an initial trend of increased peri-implant bone remodelling, the bone level around single immediately provisionalised implant might stabilise later. A longer follow-up is needed to corroborate this speculation.
The immediate loading protocol was initially developed to particularly benefit those patients with missing teeth in aesthetic areas, aiming to improve their comfort and compliance through the attainment of immediate function and aesthetics. It has been shown that the periimplant soft tissue reacts to the insertion of an anatomically correct implant crown by adopting the morphology of the crown transmucosal portion, the so-called emergence profile (Gallucci, Grutter, Chuang & Belser, 2011; Gallucci, Mavropoulos, Bernard & Belser, 2007) . Some studies have also claimed that immediate loading of single implants placed into fresh extraction sockets may lead to more favourable soft tissue outcomes compared to delayed loading (De Rouck et al., 2009; Felice et al., 2016) . On the other hand, a few studies comparing immediate loading of single implants in healed sockets did not provide better aesthetic outcomes in comparison to conventionally loaded implants, neither higher patient satisfaction (Hall et al., 2007; den Hartog et al., 2011; Oh, Shotwell, Billy & Wang, 2006) . Our results showed positive aesthetic outcomes in terms of papilla fill and pink aesthetic score in both the immediately provisionalised and not immediately provisionalised group. In the test group, both the PFI and the PES were quite stable throughout the study, with no significant differences between the different observation times. Particularly, the immediately provisionalised group started with a better PES at loading than the control group (11.4 vs. 9.8), and this remained stable for all the observation periods (Table 3) . On the contrary, the control group showed a progressive improvement in both indices, which became statistically significant at 12 and 24 months. Overall, a trend towards an increased percentage of complete papilla was observed in the control group at all observation points, with all implants presenting at least two-thirds of papilla fill (score 2 or 3) at 24-months post-implant placement (Figures 5 and 6 ).
Only regular crossfit implants with a diameter of 4.1 mm were placed in this study, which were associated with GBR in cases where bone dehiscence of fenestrations occurred during implant placement.
Current evidence seems to suggest that narrow-diameter implants (NDI) might be advantageous in the anterior area, when a narrow alveolar ridge or reduced mesio-distal prosthetic space is present, as they would decrease the rate of bone augmentation necessary for implant placement, thus reducing costs and invasiveness for the patient (Pommer et al., 2016) . However, our results in terms of peri-implant bone stability and soft tissue architecture were positive and comparable to those reported in the literature for reduced-diameter implants (Klein, Schiegnitz & Al-Nawas, 2014 ).
In both groups, six implants received GBR concomitant to implant placement, which performed similar to the implants that did not receive GBR in terms of clinical and radiographic parameters. Whereas previous evidence showed that functional loading did not negatively affect dental implants with a hydrophilic surface that were placed concomitantly to GBR (Zambon et al., 2012) , the current study shows that the same result might be expected in case immediate non-functional loading is applied.
When looking at the implant success rate associated with the two treatment groups, different conclusions can be drawn, depending on which success criteria are considered. If we take into account the early and broad concepts of Buser et al. (1990) , where success was defined only in relation to the absence of mobility, radiolucency, suppuration and subjective patient-reported complaints, all implants could be considered as completely successful. However, when adding the evaluation of peri-implant bone loss of Albrektsson et al. (1986) , one implant of the test group and one of the control group could not be considered as successful at 24 months. Moving forward to the more recent concept of Ong et al. (2008) , which took into account also PPD and BOP scores, the success was further reduced in the test group, with three patients that were considered as not completely successful at 24 months. Remarkably, all the three implants from the test group and the implant from the control group that did not fulfil The present study has some limitations. Firstly, implants were inserted to replace both anterior teeth and bicuspids and this might have introduced a source of bias, due to the different loading forces exerting on these teeth. Nevertheless, no molar teeth were replaced, which allows inferring some clinical guidance in relation to the concept of immediate provisionalisation in the area anterior to molars, where usually the aesthetic demands are higher. It is also not possible to determine how the implant characteristics, such as the implant surface (SLActive) and implant design (bone level cylindrical implant with cross fit connection), could have influenced both the radiographic and the clinical outcomes in the two groups. In this study, we used cylindrical bone level implants with a moderately rough sand blasted, acid etched, hydrophilic (SLActive) surface that has been demonstrated to promote a faster osseointegration in comparison with a hydrophobic surface Donos et al., 2011; Ivanovski et al., 2011; Lang et al., 2011) . Remarkably, a recent RCT has reported that immediately loaded tapered implants compared to cylindrical implants can achieve greater implant stability and less marginal bone loss (Torroella-Saura et al., 2015) .
Although the aesthetic parameters were only secondary outcomes of the study, we did not record any patient perceived outcome in our study design. In the future, a standardised patient-reported outcome measurement would be recommended to understand the benefits and limitations of the two treatment modalities from the patient's perspective.
In conclusion, our data support immediate provisionalisation as a viable option for the replacement of single missing teeth with radiographic, clinical and aesthetic results comparable to the ones achieved with conventionally loaded implants. Nevertheless, results from this and previous studies reinforce the need to clarify and moderate patient expectations during a thoughtful informed consent process. Longer follow-ups are necessary to confirm the stability of peri-implant soft tissues in case of immediate non-functional loading.
